Objective: To determine vitamin C intakes among adults and to identify differences in dietary intake associated with vitamin C consumption. Design: This cross-sectional study compared vitamin C intake, nutrient intake, and food group choices of adults with low (`30 mgad), marginal (30 ± 60 mgad), and desirable ( b 60 mgad) vitamin C intakes. Subjects: Data from 2472 men and 2334 women aged 25 ± 75 y were obtained from the 1994 ± 1996 Continuing Survey of Food Intakes by Individuals (CSFII). Results: Overall, 18% of the sample had low vitamin C intakes, 24% had marginal intakes, and 58% had desirable intakes. In addition to consuming less vitamin C, adults with low vitamin C intakes consumed signi®cantly less (P 0.001) energy-adjusted (ie nutrienta1000 kcal) folate, ®ber, b-carotene, and vitamin B 6 , and signi®cantly more (P`0.001) fat. Compared to adults with low intakes, adults with desirable vitamin C intakes consumed signi®cantly more (P 0.001) high-vitamin C fruit juice and low-vitamin C vegetables, while consuming signi®cantly less (P 0.009) soft drinks, coffeeatea and alcoholic beverages. On average, adults with desirable vitamin C intakes consumed more than ®ve daily servings of vegetables and fruits, of which more than one was citrus. Adults with low and marginal vitamin C intakes consumed less than one-®fth of a serving of citrus. Conclusions: A considerable number of adults under-consume vitamin C and total vegetables and fruits. Nutritionists should continue to promote ®ve to nine daily servings of vegetables and fruits, at least one of which should be rich in vitamin C.
Introduction
Unlike most animals, humans are unable to synthesize vitamin C and must rely on the diet to provide for physiological needs (Carr & Frei, 1999) . The current US Recommended Dietary Allowance (RDA) for vitamin C, 60 mg, allows tissues to store enough vitamin C to prevent scurvy for 4 weeks if vitamin C intake should cease (Food and Nutrition Board, 1989) . Johnston and Corte (1999) , however, recently reported inducing vitamin C de®ciency in adults within 1 ± 3 weeks by omitting vitamin C-rich vegetables and fruits from an otherwise balanced diet containing other vegetables and fruits. Being water-soluble, vitamin C is not retained well in the body and requires a continuous intake to maintain an adequate bodily pool (Johnston, 1999) .
In industrialized countries, inadequate dietary vitamin C is no longer considered a public health priority, nor is scurvy commonly diagnosed in such countries. Only speci®c cohorts of the general population (eg alcoholics, institutionalized or isolated elderly, fad dieters) are considered to be at risk for scurvy (Oef®nger, 1993; Ramar et al, 1993; Shetty et al, 1998; Wallach et al, 1997) . As a result, health care professionals are not trained to recognize scurvy in individuals from low-risk groups, leading to misdiagnoses of cutaneous vasculitis, blood dyscraisis, ulcerative gingivitis and rheumatic disorders (Ramar et al, 1993 , Shetty et al, 1998 . Despite infrequent diagnoses, a resurgence of clinical and subclinical cases of scurvy has been found in the recent literature (Oef®nger, 1993; Ramar et al, 1993; Shetty et al, 1998) .
Vegetables and fruits serve as primary contributors to total vitamin C intake , but previous reports indicate that only one in ®ve adults meets the recommendation of ®ve daily servings of vegetables and fruit (Serdula et al, 1995) . During recent years, several American states and European countries have implemented social marketing campaigns to promote vegetable and fruit consumption (for example,`5 A Day for Better Health', Havas et al, 1995; Subar et al, 1995; Billson et al, 1999) , but the effectiveness of these programs requires further evaluation. Because only a limited number of vegetables and fruits are rich in vitamin C, an understanding of how these foods contribute to total vitamin C intake is important for nutrition instruction. The purpose of this study was to identify which commonly consumed foods contribute to total vitamin C intake and to explore dietary habits of adults who under-consume vitamin C.
Methods
The 1994 ± 1996 Continuing Survey of Food Intakes by Individuals (CSFII) provided the study sample. These surveys, organized by the US Department of Agriculture (USDA), were conducted as separate 12-month surveys, which were then combined as one large data set and released on CD-ROM. All three years (January 1994 ± January 1997) were used for these analyses. Trained interviewers under contract with USDA gathered household composition and demographic data from non-institutionalized, non-homeless men, women and children residing in all 50 states and Washington, DC. Rural, urban and suburban areas were targeted for data collection, and lowincome households purposely were over-sampled to increase the precision of the survey. The methods used to conduct these random-sample, multistage, strati®ed area surveys have been documented (Agricultural Research Service, 1997) .
CSFII interviewers attempted to contact each household at least four times. When a household could not be contacted after four visits, interviewers were instructed to ask two neighbors for information on the number of household members, their sexes and their ages. All Day 1 recalls and nearly all (93%) Day 2 recalls were collected in person. According to CSFII protocol, Day 2 recalls were to be conducted 3 ± 10 days after the ®rst recall but not on the same day of the week. Measuring guides, such as cups and spoons, were used to assist with estimating food amounts. The overall response rate for individuals providing two dietary recalls was high (76.1%).
Our study included data from 2472 men and 2334 women between the ages of 25 and 75 y. Subjects were excluded from analyses if they were pregnant or lactating at the time of data collection or if they failed to complete two non-consecutive, multiple-pass 24 h recalls (Casey et al, 1999) and the Diet and Health Knowledge Survey, which accompanied the CSFII. We initially strati®ed subjects into age groups, but these analyses did not show any important differences in nutrient intakes between the strata. We therefore combined all ages, while still stratifying by sex, for further statistical analyses. To explore dietary trends based upon the RDA of 60 mg (Food and Nutrition Board, 1989) , the sample was divided into groups based upon individual's mean, daily vitamin C intake: low (`30 mg), marginal (30 ± 60 mg), and desirable ( b 60 mg).
The USDA assigned each food and beverage item a seven-digit code number and provided food groups to categorize them; however, the food groups were too broad for the purposes of this investigation because they did not readily identify high-vitamin C foods. Instead, food and beverage items reported as consumed were re-coded and re-categorized into 48 discrete food groups using previous research as a guide (Hampl et al, 1999) . Food groups were created to identify different sources of vitamin C and to differentiate between vitamin C-containing foods in a category. For example, we de®ned high-vitamin C fruits as fruits that provided at least 60 mg of vitamin C per serving, while low-vitamin C fruits provided no more than 30 mg per serving. High-vitamin C fruit juices contained at least 60 mg vitamin C per serving. Mixed dishes were classi®ed according to their primary ingredient (eg macaroni and cheese was placed in the pasta category). Potatoes were counted as vegetables, but french fries were in a separate category. Data involving the nutrient content of each food and beverage item were included in the CSFII database when released by the USDA. The CSFII included questions regarding supplement use but did not quantify speci®c amounts; therefore, only the vitamin C obtained from foods and beverages was included in analyses.
The contribution to total vitamin C by each food group was determined using the following formula (Hampl & Betts, 1995) : (S total vitamin C mg from all foods in a group) 7 (S total vitamin C mg from all foods). To establish which vegetables and fruits were most frequently eaten, we used frequency analyses, which determined the number of times a serving of each food or beverage item was reported as consumed. The number of servings of vegetables, fruits and citrus fruits consumed was obtained from a record type within the CSFII that sorted foods and beverages into the food groups of the US Food Guide Pyramid (Human Nutrition Information Service, 1992) . We also computed mean vitamin C intakes based upon the number of servings of vegetables and fruits reported as consumed by each individual.
Analysis of variance (ANOVA) followed by post hoc Scheffe's analyses was used to compare food group and nutrient intakes by vitamin C consumption group. Means of each individual's two 24 h recalls were used for analyses, and data are reported as mean + standard deviation. Because the consumption of total nutrient intake is at least partially dependent on total energy intake, and because the nutrient density of the diets is (in this instance) more relevant than actual gross intake, we adjusted for energy intake in the ANOVAs by computing nutrient intakes per 1000 kcal (4184 kJ). Statistical comparisons were made for energy-adjusted carbohydrate, dietary ®ber, fat, cholesterol, ethanol and sodium, as well as each nutrient that has an established RDA or other US Dietary Reference Intake (DRI; Food and Nutrition Board, 1989) , with the exceptions of vitamins D and K, selenium and iodide, which were not included in the CSFII data base. The Statistical Package for the Social Sciences (SPSS 9.0, 1999, SPSS Inc., Chicago, IL) was used for all analyses.
Results
The majority of our subjects were White (82%) with the remaining Black (12%), Asian or Paci®c Islander (2%), Native American (`1%), or not speci®ed (4%). Twentyeight percent of households lived below 150% of the US federal poverty level, and 47% had incomes that exceeded 300% of the US federal poverty level.
Overall, 18% of the sample had low vitamin C intakes, 24% had marginal intakes and 58% had desirable intakes. The mean and median daily vitamin C intakes for our overall sample were 95 and 73 mg, respectively.
The leading contributors to vitamin C intake are presented in Table 1 . For both men and women, the primary contributor to daily vitamin C intake was high-vitamin C fruit juice (21% of total). All together, vegetables, fruits and fruit juices contributed nearly 70% of total vitamin C intake. Other food groups, such as beef dishes, grains and cereals, and pasta are included in Table 1 because they contributed vitamin C as mixed dishes containing vegetables or fruits. Table 2 shows overall vegetable and fruit intake. Differences in vegetable and fruit intakes between the sexes were minimal. For both men and women, the most commonly consumed vegetables or fruits were lettuce and tomato, and Inadequate vitamin C intakes CA Taylor et al each accounted for 9% of all vegetables and fruits consumed. Other leading vegetables and fruits reported were bananas and orange juice, representing 5% and 4%, respectively, of all vegetables and fruits consumed. Table 3 presents signi®cant differences in energyadjusted nutrient intakes between the vitamin C-consumption groups. In addition to consuming less vitamin C, individuals with low vitamin C intakes consumed signi®-cantly less energy-adjusted ®ber, calcium, magnesium, bcarotene, folate and vitamins A and B 6 (P 0.001), while consuming signi®cantly more energy-adjusted cholesterol and total, saturated and monounsaturated fat (P`0.001). Contributes`2% of total vitamin C intake. Different superscripts denote signi®cant differences between groups by Scheffe's post hoc analyses. *All intakes are presented per 1000 kcal to denote energy density.
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Reported as a-tocopherol equivalents. Men with desirable vitamin C intakes consumed signi®-cantly more energy-adjusted vitamin E (P`0.001) and signi®cantly less energy-adjusted ethanol (P 0.006). Differences in food group intakes based upon vitamin C consumption are found in Table 4 . Men and women with low vitamin C intakes consumed signi®cantly less highvitamin C fruit juice (P 0.001), low-and moderatevitamin C vegetables (P`0.001), and beef dishes (P`0.005). Compared with adults with low intakes, individuals with desirable vitamin C intakes consumed signi®cantly less alcoholic beverages (P 0.01), coffeeatea (P`0.001), and soft drinks (P`0.001). Men with desirable vitamin C intakes consumed signi®cantly more french fries (P 0.001), while women with desirable vitamin C intakes consumed signi®cantly more condiments (P 0.01) and moderate-and high-vitamin C fruit (P`0.001).
Mean daily servings of vegetables and fruits consumed by sample members are presented in Table 5 . On average, subjects consumed ®ve daily servings of vegetables and fruits, but men and women with low vitamin C intakes consumed fewer than 2.5 daily servings of vegetables and fruits. In contrast, a desirable vitamin C intake was associated with greater vegetable and fruit consumption for both men and women, who averaged 7.1 and 5.8 daily servings, respectively. On average, adults with desirable vitamin C intakes consumed more than 1 daily serving of citrus fruit. Adults with marginal vitamin C intakes averaged less than one-®fth of a serving of citrus fruit per day, while those with low vitamin C intakes consumed less than 0.04 daily citrus servings.
To compare actual intakes to the recommendations of`5 A Day', Figure 1 presents mean daily vitamin C intakes strati®ed by total mean servings of vegetables and fruits. We found that four servings of vegetables or fruits were Different superscripts denote signi®cant differences between groups by Scheffe's post hoc analyses. 
Discussion
Mean and median intakes of vitamin C reported by American adults generally exceed the RDA. Data from the most recent U.S. National Health and Nutrition Examination Survey (NHANES III, 1988 ± 1994 showed that median daily intakes of vitamin C among American adults were 84 and 73 mg for men and women, respectively (Life Sciences Research Of®ce, 1995) . Our data showed that adults' mean and median daily vitamin C intakes were 95 and 73 mg, respectively. Despite high average intakes, though, elevated mean and median intakes mask the fact that a considerable proportion of adults under-consume vitamin C. For example, NHANES III data showed that the prevalence of biochemical vitamin C de®ciency was 12% among Whites, 15% among Blacks, and 9% among Hispanics (Schleicher et al, 1998) . found biochemical evidence of vitamin C depletion among 12 ± 16% of college students. Several investigators have noted low vitamin C intakes among adults. Billson et al (1999) showed that British men and women in the lowest quartile of vegetable and fruit consumption had mean daily vitamin C intakes of 42 and 36 mg, respectively, while Hemila È (1997) reported that the average British adult consumed 44 mg vitamin C per day. Earlier data from NHANES II (1976 ± 1980) indicated that 20 ± 30% of American adults consumed less than 60 mgaday of vitamin C (Life Sciences Research Of®ce, 1995). Although we found mean (95 mg) and median (73 mg) intakes similar to those previously reported, our data showed that 42% of the sample were not reaching the RDA and that 18% consumed less than 30 mgaday vitamin C. These data indicate a marked increase in marginal intakes over the last 20 y.
The primary sources of vitamin C in adults' diets are vegetables, fruits and fruit juices (Hemila È, 1997) , and we showed that these foods contributed to 66% of men's and 72% of women's total vitamin C intake. Ballew et al. (1997) reported that vegetables, fruits and fruit juices contributed 57% of vitamin C intake among Navajo adults. The authors of that study also noted that because vegetables, fruits and fruit juices were infrequently consumed Ð less than 1 serving per day Ð overall vitamin C intakes among their sample members were low (median intake`60 mgaday).
Current US and British dietary recommendations call for three or more daily servings of vegetables and two or more daily servings of fruits (Human Nutrition Information Service, 1992; Billson et al, 1999) . Using NHANES II, Patterson et al (1990) found that 11% of adults reported eating no fruits or vegetables in one 24 h recall and that only 9% met recommendations for both fruit and vegetable intakes. More recent data from NHANES III showed that 25% of women and 33% of men reported consuming fewer than 2.5 daily servings of vegetables and fruits (Life Sciences Research Of®ce, 1995) . Using the 1989 ± 1991 CSFII, Krebs-Smith et al (1995) reported that American men and women consumed, on average, 4.3 daily servings of vegetables and fruits. Overall, we found that men had a mean intake of 5.7 servings of vegetables and fruit, while women had an average of 4.6 daily servings. Men and women met dietary recommendation for vegetable intakes by consuming an average of 4.1 and 3.1 servings, respectively. Intakes of fruit slightly fell short of dietary recommendations, with men averaging 1.6 servings and women averaging 1.5 servings.
Although Healthy People 2000, the Food Guide Pyramid, and the Dietary Guidelines for Americans recommend at least ®ve daily servings of vegetables and fruits, none of these provide suggestions for choosing or prioritizing vegetables and fruits (US Public Health Service, 1990; Human Nutrition Information Service, 1992 ; US Department of Agriculture and Health and Human Services, 1995) . We found that the most frequently consumed vegetables and fruits were lettuce, tomatoes and bananas. These foods accounted for nearly 25% of all vegetables and fruits consumed; however, none of these foods are rich in vitamin C. Citrus fruits are one of the few rich sources of vitamin C, and adults with desirable vitamin C intakes consumed an average of 1.25 citrus servings. Adults with marginal or low vitamin C intakes consumed practically no citrus fruits.
Previous reports have suggested that consuming at least ®ve daily servings of vegetables and fruits will provide more than 200 mg vitamin C per day (Johnston & Thompson, 1998; Levine et al, 1999) . Although consuming this amount of vitamin C from vegetables and fruits certainly is possible, our data indicate that high-vitamin C vegetables and fruits are not consumed frequently. Of the eight most frequently consumed vegetables, fruits and fruit juices reported here, only orange juice was a rich source of vitamin C. By calculating mean intakes of vitamin C strati®ed by total daily servings of vegetables and fruits, we showed that adults consuming ®ve servings of vegetables and fruits had vitamin C intakes of less than 100 mgaday.
The Panel on Dietary Antioxidants and Related Compounds of the Food and Nutrition Board, US National Academy of Sciences, is now in the process of determining the DRI for vitamin C (Johnston & Thompson, 1998) . There is ample evidence to support a dietary recommendation that takes into consideration not only vitamin C's antiscorbutic activity but also vitamin C's role in antioxidant defense and immune function (Hemila È, 1997; Johnston & Thompson, 1998) . Levine et al (1999) and Carr and Frei (1999) have recommended that the RDA for vitamin C be doubled to 120 mgaday. We showed that adults would have to consume seven daily servings of vegetables and fruits to meet this new recommendation, assuming that low-vitamin C vegetables and fruits continue to be chosen. The recommendations for`5 A Day' could meet the suggested new level, but only if high-vitamin C vegetables and fruits were consumed.
We found that adults with desirable vitamin C intakes consumed signi®cantly more energy-adjusted ®ber, folate and b-carotene, coupled with lower intakes of energyadjusted cholesterol and total, monounsaturated and saturated fat. These dietary differences can be attributed to increased consumption of vegetables and fruits Patterson et al, 1990) . Dietary patterns seen among adults with low vitamin C intakes are a cause of concern because they may contribute to chronic disease. For example, heart disease and cancer, the leading causes of death in industrialized countries, are related strongly to diet (US Public Health Service, 1990) . Low intakes of ®ber and folate, together with high intakes of fat, are predictive Inadequate vitamin C intakes CA Taylor et al of risk of heart disease, and low intakes of ®ber and bcarotene may increase the risk of cancer (Albertson & Tobelmann, 1995) .
We found that juice contributed to more than 20% of total vitamin C intake and that adults with desirable vitamin C intakes had signi®cantly higher intakes of high-vitamin C juice. These results are not surprising, given that vitamin C intakes correlate well (r 0.69, P`0.0001) with consumption of citrus juice (Dennison et al, 1998) . Vitamin C containing juices are popular, and they make important contributions to daily vitamin C intake; however, whether nutritionists should recommend fruit juices as an important dietary component remains debatable (Skinner et al, 1999) . For example, American adults consume about 35% of their fruit servings as juice and not whole fruits (Dennison et al, 1998) . Fruit juices have a high concentration of simple sugars and readily can lead to tooth decay; in contrast, whole fruits have low cariogenicity due to their lowcarbohydrate and high-water content (Davis & Stegeman, 1998) . Consuming whole fruits, compared to drinking juice, is also advantageous because these foods offer many other phytonutrients, including dietary ®ber, which are lacking in adults' diets (Albertson & Tobelmann, 1995) .
We found that adults with desirable vitamin C intakes had signi®cantly higher energy-adjusted intakes of vitamin B 6 . This ®nding was surprising because vitamin B 6 is principally found in meat and eggs (Food and Nutrition Board, 1989) , and the physiological need for vitamin B 6 increases as protein intake increases. Higher intakes of vitamin B 6 may be related to the increased intakes of beef and ground beef dishes among adults with desirable vitamin C intakes. The vitamin C in these foods is`camou¯aged' as a condiment or other ingredient (eg lettuce and onions on cheeseburgers or vegetables in beef stew). Beef and ground beef are not rich sources of vitamin C, nor are low-vitamin C vegetables such as lettuce and onion. However, as mixed dishes they did make important contributions to total vitamin C intake because they were frequently consumed.
Although we found that mean vitamin C intakes exceeded the RDA, a considerable number of adults under-consumed vitamin C due to low intakes of total vegetables and fruits, particularly citrus fruits. Nutritionists should continue to recommend ®ve to nine daily servings of vegetables and fruits; as a caveat, nutritionists should ensure that at least one of the servings is a high-vitamin C vegetable or fruit. If the proposed revisions to the RDA for vitamin C are accepted, these dietary changes will be needed so that recommended intakes can be met. Because adults with desirable vitamin C intakes, on average, consumed one serving of citrus fruit and a greater intake of vegetables and fruits, nutritionists should ask about usual consumption of vitamin C-rich vegetables and fruits to determine risk of vitamin C de®ciency or depletion.
